Abstract This study investigates relationships between Atlantic sea surface temperature (SST) and the variability of the characteristics of the South American Monsoon System (SAMS), such as the onset dates and total precipitation over central eastern Brazil. The observed onset and total summer monsoon precipitation are estimated for the period 1979-2007. SST patterns are obtained from the Empirical Orthogonal Function. It is shown that variations in SST on interannual timescales over the South Atlantic Ocean play an important role in the total summer monsoon precipitation. Negative (positive) SST anomalies over the topical South Atlantic along with positive (negative) SST anomalies over the extratropical South Atlantic are associated with early (late) onsets and wet (dry) summers over southeastern Brazil and late (early) onset and dry (wet) summers over northeastern Brazil. Simulations from Phase 3 of the World Climate Research Programme Coupled Model Intercomparison Project (CMIP-3) are assessed for the 20th century climate scenario . Most CMIP3 coupled models reproduce the main modes of variability of the South Atlantic Ocean. GFDL2.0 and MIROC-M are the models that best represent the SST variability over the South Atlantic. On the other hand, these models do not succeed in representing the relationship between SST and SAMS variability.
Introduction
The South American Monsoon System (SAMS) is characterized by large seasonal variations of convective activity and large-scale circulation over tropical South America (e.g. Zhou and Lau 1998) and has major impacts on agriculture, energy, and water resources management. It has been well documented that the variability of precipitation on interannual timescales over large portions of the tropics and subtropics of South America, which includes regions affected by SAMS, is influenced by the El-Niño-Southern Oscillation (ENSO) (e.g. Ropelewski and Halpert 1987; Grimm et al. 1998; Coelho et al. 2002; Grimm 2003) . During ENSO warm phase convection intensifies over western tropical South America with consequent suppression over eastern tropical South America (e.g. Zhou and Lau 2001; Paegle and Mo 2002) . Grimm et al. (2007) showed that during the austral spring El Niño events induce subsidence over the Amazon and eastern Brazil, decreasing moisture convergence and precipitation in these regions. In addition, convection over the central and eastern tropical Pacific Ocean associated with ENSO generates wave trains extending poleward and eastward over the Pacific Ocean, consistent with Rossby wave response to anomalous low latitude forcing (Karoly 1989) . In the Southern Hemisphere these wave trains show high amplitude over the Southern Pacific and South America and are known as the PacificSouth American teleconnection pattern (PSA-e.g.; Ghil and Mo 1991; Mo 2000) . ENSO warm (cold) phases have been associated with increased (decreased) precipitation over northeastern Argentina, Uruguay and southern Brazil (Ropelewski and Halpert 1987; Aceituno 1988; Grimm et al. 2000; Coelho et al. 2002; Magaña and Ambrizzi 2005) .
Sea surface temperature (SST) variability over the South Atlantic Ocean also plays an important role in South American climate. The dominant mode of atmosphereocean coupled variability over the South Atlantic is a dipole with centers of action over the tropical and extratropical South Atlantic (e.g. Venegas et al. 1997; Sterl and Hazeleger 2003; De Almeida et al. 2007 ). This dipole pattern is related to the strengthening and weakening of the South Atlantic Subtropical High, which influences lowlevel atmospheric circulation and forces SST fluctuations in a north-south dipole structure (Venegas et al. 1997 ). Robertson and Mechoso (2000) observed that this SST dipole is associated with the first mode of interannual variability of circulation over South America, characterized by a barotropic equivalent cyclonic flow with a center of action over the western subtropical South Atlantic. Cardoso and Silva Dias (2004) found that temperature over southeastern Brazil is correlated with the south Atlantic SST dipole. Muza et al. (2009) verified that the Atlantic SST dipole pattern is related to extreme precipitation over southeastern Brazil on interannual timescales. They also show that negative SST anomalies over the subtropical South Atlantic and positive SST anomalies over the extratropical South Atlantic are associated with extreme wet events over southeastern Brazil. Liebmann and Marengo (2001) examined the influence of SST on seasonal precipitation and timing of the rainy season (i.e., variation of start and end dates) over the Amazon. They found that the influence of the SST on seasonal total rainfall is often observed in the timing rather than in the rainy season rain rate. Marengo et al. (2001) observed that negative SST anomalies over the tropical Atlantic Ocean and positive SST anomalies over the tropical Pacific Ocean are related to delays in the onset of the rainy season over the central Amazon whereas positive SST anomalies over the Atlantic Ocean are associated with late demise of the rainy season in the same region. Taschetto and Wainer (2008a) investigated the influence of subtropical South Atlantic SST anomalies on precipitation in South America in the Community Climate Model (CCM3) from the National Center for Atmospheric Research (NCAR). Their results show that both South Atlantic and Pacific SSTs modulate the intensity and position of the South Atlantic Convergence Zone (SACZ) during the peak of the austral summer (DJF). In these experiments the authors found that the ENSO signal and respective teleconnections seem to influence the intensity of the oceanic portion of the SACZ (Carvalho et al. 2004) by the end of the rainy season (MAM). In the austral spring (SON) ENSO and subtropical Atlantic SST seem to have the opposite effect upon convection over South America.
The World Climate Research Programme's (WCRP's) Coupled Model Intercomparison Project phase 3 (CMIP3) multi-model dataset consists of climate model outputs from simulations of the past, present and future climate. The WCRP-CMIP3 dataset provides valuable simulations to assess climate change projections. Thus, an evaluation of the skill of these models in reproducing present and past climate is crucial to assess the reliability of their future climate projections.
Previous studies have evaluated the skill of the WCRP-CMIP3 models in reproducing the main patterns of SST. Dai (2006) showed large differences between the observed SST over the tropical South Atlantic region and that simulated by the WCRP-CMIP3 models, indicating that most models underestimate SST in this region. AchutaRao and Sperber (2006) verified that in the NIÑ O3 region, 75% of the WCRP-CMIP3 models succeed in reproducing the spectral maximum of the observed SST, which occurs between 2 and 7 years (e.g. Kestin et al. 1998; AchutaRao and Sperber 2002) . In addition, Vera and Silvestre (2009) showed that most WCRP-CMIP3 models are not able to reproduce the PSA pattern, which suggests a low skill of these models in reproducing large scale patterns of precipitation variability on interannual time scales in South America.
Although many studies have documented the impact of ENSO on precipitation over tropical South America, little is known about the influence of the South Atlantic Ocean on the characteristics of SAMS, such as onset and demise dates and accumulated precipitation. Bombardi and Carvalho (2009) evaluated the skill of ten WCRP-CMIP3 models in reproducing SAMS and its variability regarding daily precipitation, mean annual cycle, onset and demise dates, duration, and accumulated precipitation. The purpose of the present study is to evaluate the ability of the same WCRP-CMIP3 models in reproducing the main mode of SST variability over the South Atlantic Ocean and investigate how this mode affects the variability of SAMS. Our focus will be on the onset and demise dates, duration, and total precipitation during the monsoon season. This study is organized as follows: Sect. 2 presents the dataset used in this study. Section 3 examines the spatial and temporal variability of South Atlantic SST from observations and simulations. The relationship between the variability of SST and SAMS are discussed in Sect. 4. Section 5 presents the conclusions.
Data
Five-day average (pentad) precipitation data were obtained from the Global Precipitation Climatology Project-GPCP (Xie et al. 2003 ) based on gauge and satellite observations (Adler et al. 2003) . Muza and Carvalho (2006) verified that GPCP shows a good correspondence with gridded precipitation from stations (Liebmann and Allured 2005) in areas over tropical and subtropical Brazil. Monthly wind at the 850 hPa level and skin temperature were obtained from the NCEP-DOE reanalysis (National Centers for Environmental Prediction-Department of Energy) (Kanamitsu et al. 2002) . Skin temperature was used as a proxy for SST. Both NCEP-DOE and GPCP datasets have a resolution of 2.5°latitude/longitude and extend from 1979 to 2007.
In addition, we examined daily precipitation and monthly skin temperature simulations from ten global coupled climate models for the 20th century climate scenario (20C3M) from 1971 to 2000. These data were obtained from the archives of the World Climate Research Programme's (WCRP's) Coupled Model Intercomparison Project phase 3 (CMIP3) multi-model dataset. Precipitation simulations from the WCRP-CMIP3 models were pentad averaged to compare with GPCP precipitation. All selected models have spatial resolution of at least 2.8°latitude/ longitude and are composed of atmospheric and oceanic components. None of these models have dynamical vegetation. Table 1 describes the WCRP-CMIP3 models investigated in this study and their characteristics. One simulation from each model is analyzed in this work. A thorough evaluation of the skill of these WCRP-CMIP3 coupled models in simulating SAMS is discussed in Bombardi and Carvalho (2009) .
To investigate the influence of SST anomalies on South American precipitation on interannual timescales, monthly 850 hPa wind from NCEP-DOE and skin temperature from both WCRP-CMIP3 and NCEP-DOE datasets were filtered in frequency domain to retain oscillations with periods greater than 12 months (henceforth referred to as SST).
The onset and demise dates of the rainy season, its duration and accumulated precipitation were computed based on the method described in Liebmann and Marengo (2001) and further adapted in Bombardi and Carvalho (2009) . According to this method, the rainy season onset and demise can be estimated based on the behavior of the running sum (S) of the precipitation deviation from the climatological annual mean. S always starts in the dry season for a given grid point. Before the onset of the wet season S is negative and shows negative slope. As rainfall becomes more regular the slope of the running sum begins to increase. S is further smoothed by applying a moving average filter ( " S). The onset is defined as the date (pentad) at which the slope of " S (d " S=dt) becomes steadily positive. The end of the rainy season is defined when the slope d " S=dt becomes negative. Once the onset and demise dates are defined, the duration and total monsoonal precipitation can be computed. A comprehensive description of the method as well as the spatial and interannual variability of the onset, demise, duration, and accumulated precipitation during the South America summer monsoon observed with GPCP data and simulated by the same 10 WCRP-CMIP3 coupled models investigated in this study is described in Bombardi and Carvalho (2009) .
3 Atlantic variability in the WCRP-CMIP3 models
South Atlantic variability
The objective of this analysis is to evaluate the skill of 10 WCRP-CMIP3 models in reproducing the spatial patterns and temporal variation of the main mode of variability of the South Atlantic Ocean. As discussed in the introduction, the first mode of the coupled variability between the atmosphere and the South Atlantic Ocean is known as the South Atlantic Dipole (SAD) (De Almeida 2006) . The skill of the WCRP-CMIP3 models in reproducing SAD was assessed by performing EOF analysis of SST monthly low frequency anomalies over the South Atlantic Ocean domain (0°-50°S; 70°W-20°E). Figure 1 shows the correlation between South Atlantic Ocean SST monthly anomalies and the time coefficient of the first EOF mode (2004) MRI-CGCM2.3.2 Japan *2.8 9 2.8 Yukimoto et al. (2006) (henceforth SAD) for NCEP-DOE and WCRP-CMIP3 models. NCEP-DOE (Fig. 1a) shows positive correlations over the tropical South Atlantic, with maximum positive correlation over the eastern tropical and subtropical regions. Negative correlations are observed over the extratropical South Atlantic, with a maximum around 40°S. This pattern is consistent with the first ocean-atmosphere coupled mode previously observed over the South Atlantic Ocean (Venegas et al. 1997; Sterl and Hazeleger 2003; De Almeida et al. 2007) .
In general, the models reproduce the SAD well compared to the observations (Fig. 1) , with the exception of FGOALS (Fig. 1f) , which represents a single region with significant correlations over the extratropical South Atlantic. GFDL2.0 (Fig. 1g) , GFDL2.1 (Fig. 1h) , and MIROC-M (Fig. 1j) reproduce the spatial pattern of SAD similar to the observations, with a dipole in SST anomalies between the tropical South Atlantic and extratropical South Atlantic. CNRM (Fig. 1c) , CSIRO (Fig. 1d) , ECHAM5 (Fig. 1e) , and MIROC-H (Fig. 1i ) underestimate the regions with negative correlations over the extratropical South Atlantic while CGCMT63 (Fig. 1b) and MRI (Fig. 1k) overestimate the correlations over the eastern extratropical South Atlantic compared to the observations. The skill of WCRP-CMIP3 models in reproducing observed temporal variability SAD was evaluated by wavelet analysis of the time-coefficient of SAD (e.g., Torrence and Compo 1998). Although we do not expect to have simultaneous variability in SAD among models and with respect to observations, the wavelet power spectrum analysis allows identification of how the spectral variance of SAD varies over time and therefore provides information about SAD periodicity. Figure 2 shows the SAD time-coefficient and respective wavelet power spectrum for both the NCEP-DOE and WCRP-CMIP3 datasets. The NCEP-DOE (Fig. 2a) indicates high power spectrum variability on scales varying between approximately 60 months (5 years) and 18 months (1.5 year) observed in the mid nineties. Venegas et al. (1996) verified that the South Atlantic first mode of coupled variability is dominated by interdecadal variations of approximately 14-16 years. These oscillations cannot be observed in this analysis due to short period of time considered in this work. De Almeida (2006) observed, however, that this mode also shows significant variability on interannual timescales consistent with the wavelet spectral analysis in Fig. 2a .
SAD simulated by the WCRP-CMIP3 models shows high wavelet spectral density on time-scales longer than (Fig. 2b-k) during the whole period and are relatively more frequent for MIROC-M (Fig. 2j) .
SAD SST simulated by the WCRP-CMIP3 dataset
The observed and simulated variations of SST associated with SAD were evaluated by computing the average and standard deviation of SST over the tropical Atlantic region [20°S-10°S; 40°W-10°E] during positive (negative) phases of SAD. Warm (Cold) phases were defined when the SAD coefficient was above (below) one (minus one) standard deviation from the mean. Positive (negative) SAD phase is characterized by warm (cold) temperatures in the domain described above.
To test whether the modeled mean SST can be considered distinct from the observed mean SST we applied the test of the difference of the means (Wilks 2006) , assuming that the null hypothesis is that the two means can be considered statistically similar at a 5% significant level. According to this test, only GFDL2.0, MIROC-H and MRI simulate mean SST that cannot be considered distinct with respect to observations for both positive and negative phases (Fig. 3) . CNRM and MIROC-M also simulate SST that cannot be considered statistically dissimilar with respect to the observations during SAD negative phase whereas FGOALS realistically reproduces mean SST magnitudes only during SAD positive phase. GFDL2.1 shows higher SST variance in positive phases than in negative phases over the tropical Atlantic, indicating that this model tends to simulate positive phases more intense than negative phases. Observations indicate, however, that SST variances are similar in both phases. CGCMT63 shows the lowest mean SST and variance (Fig. 3) suggesting that this model underestimates the intensity of the phenomenon.
Relationship between SAD and SAMS
The role of SAD on SAMS onset, demise dates and total monsoonal precipitation was verified by computing the ''Sperman Rank Correlation'' between the monthly ENSO coefficient and the abovementioned properties of SAMS for each grid point. The Sperman Rank Correlation (hereafter correlation) is simply the Pearson correlation coefficient computed using the ranks of the time series. It is a robust and resistant alternative to the Pearson correlation coefficient, which may underestimate the relationship between two series in the case that their relationship is not strictly linear (Wilks 2006) . The statistical significance of the correlations was obtained by the probability table proposed by Zar (1972) . Figure 4 shows the spatial variability of correlation between SAD and SAMS characteristics during the months when they are higher and spatially more coherent. Lagged correlation analysis showed that the relationship between the monthly SAD coefficient and the rainy season characteristics persists for several months (not shown). For simplification the year of the onset will be considered 0 and year of the demise 1. Positive (negative) phases of SAD are associated with late (early) onset of the wet season in a band that extends from Bolivia toward southeastern Brazil and with the early (late) onset of the rainy season over northeastern Brazil (Fig. 4a) . Coherent patterns of correlation between SAD and the onset of the rainy season is observed over western and southeastern Brazil from August (0) through December (0) (not shown). In August (0), coherent positive correlations of about 0.4 are observed over Paraguay, western and southeastern Brazil. In the following months positive correlations are observed over Bolivia and in a large region of western Brazil, with correlations of about 0.5 observed in October(0) (Fig. 4a) , concomitantly with the median onset dates in that region (Bombardi and Carvalho 2009 ). Negative correlations are observed over northeastern Brazil persisting from June (0) to October (0) (not shown). These results suggest that SAD phases control physical and dynamical processes that play an important role in the onset of the transition from dry to wet season.
Positive (negative) phases of SAD are related to early (late) demises over southeastern Brazil along with late (early) demises from the Amazon toward northeastern Brazil. Correlations between SAD and demise dates over southeastern Brazil are observed approximately simultaneously with the median end of the rainy season (Bombardi and Carvalho 2009) , that is from March (1) to July (1) (not shown). The strongest and most coherent pattern of correlations is observed in May (1) (Fig. 4b) . Over northeastern Brazil, correlations are observed from January (0) to May (0) and again from December (0) to July (1). The semiarid northern part of northeastern Brazil experiences its rainy season between February and May (e.g. Uvo et al. 1998) .
Patterns of correlation between SAD and accumulated precipitation, duration and demise of the rainy season are very similar. SAD positive (negative) phase is related to the decrease (increase) of the total monsoonal precipitation and a short (long) wet season over southeastern Brazil. Over northeastern Brazil, SAD positive (negative) phase is related to the increase (decrease) in the total precipitation and long (short) wet seasons. Correlations of same sign are observed over southeastern Brazil from January (1) to July (1) and northeastern Brazil from January (0) to May (1) (not shown).
Variations in the monsoon characteristics have been related to changes in circulation and moisture fluxes (e.g. Zhou and Lau 1998) . In this study the relationships between SAD phases and the rainy season were examined by composing low-frequency anomalies of the 850 hPa circulation in each phase of SAD. SAD positive (negative) phase was defined when SAD was above (below) its 75th (25th) percentile which corresponds to warm (cold) SST anomalies over the tropical South Atlantic. Composites where performed during the following periods: median SAMS onset (October (0), Fig. 5a ), peak of SAMS (January (1), Fig. 5b ), and median SAMS demise (April (1), Fig. 5c ) (Bombardi and Carvalho 2009) .
SAD negative phase is associated with anomalous easterly flow from the equatorial and southwestern Atlantic toward southeastern and western Brazil in October (0) (Fig. 5a ). This anomalous circulation increases moisture transport from the Atlantic toward tropical and equatorial South America, and is related to early onsets of the rainy season over southeastern Brazil, Paraguay and Bolivia east of the Andes (see Fig. 5a ). On the other hand, SAD positive phase is related to low-level westerly wind anomalies over southeastern Brazil, which is consistent with the decrease of the transport of moisture from the Atlantic. That seems related to the delay of the onset of the wet season over the region (Fig. 5b) .
In January (1), the patterns of circulation anomalies during SAD negative phase (Fig. 5c ) are similar to October (0). The intensity of easterly anomalies over the Equatorial Atlantic and subtropical western Atlantic increases and westerly anomalies are observed over central Brazil. These patterns of anomalies suggest an enhancement of the transport of moisture from the eastern Amazon toward southeastern Brazil. This anomalous circulation favors the enhancement of the total seasonal rainfall over southeastern Brazil according to Muza et al. (2009) . Opposite anomalous circulations are observed in January during positive SAD phases (Fig. 5d) which is related to the decrease in total precipitation over the same region.
The patterns of anomalous circulation persist until April (1) for negative (Fig. 5e) and positive (Fig. 5f) phases. In summary, negative (positive) SAD phase is related to early (late) onsets, increase (decrease) of monsoonal precipitation, late (early) demises and long (short) durations of the wet season over southeastern Brazil (Fig. 4) .
Negative (positive) SST anomalies over the tropical South Atlantic are related to the displacement of the ITCZ northward (southward) of its climatological position causing late (early) onsets, early (late) demises, short (long) duration and a decrease (increase) of total precipitation during the wet season over northeastern Brazil (Fig. 4) .Previous studies have shown that dry (wet) years over northeastern Brazil are associated with positive (negative) SST anomalies over tropical North Atlantic and negative (positive) SST anomalies over the tropical South Atlantic (e.g. Hastenrath and Heller 1977; Moura and Shukla 1981; Uvo et al. 1998) . Our results are consistent with these previous studies as it indicates that warm SST anomalies over the tropical South Atlantic favor precipitation over northeastern Brazil on interannual timescales. Moreover, Saravanan and Chang (2000) show that the northeast Brazilian rainfall is more strongly correlated with SST anomalies in the southern tropical Atlantic than in the northern tropical Atlantic.
The investigation of the relationships between SAD and the rainy season in the simulations of the WCRP-CMIP3 dataset is shown over three selected regions where the relationships between SAD and the characteristics of the rainy season are strong based on the observations (Fig. 4) . The following regions were selected: western Brazil, southeastern Brazil, and northeastern Brazil (Fig. 6a) . For all these regions correlation was averaged and the results are shown in Fig. 6b-f .
The observed correlation between SAD and onset of the rainy season over both western and southeastern Brazil increases from January (0) to October (0) and then decreases in the following months. The maximum correlation is observed in October (0) (Fig. 6b, c) . No model properly simulates the relationship between SAD and onset over western Brazil. Over southeastern Brazil only FGOALS reproduces the phase of the relationship between SAD and the onset. For both western and southeastern Brazil MIROC-H shows similar relationships, however out of phase with respect to observations, with the highest correlation simulated in August (1) (Fig. 6b, c) . The relationship between SAD and onset of the rainy season over the northeastern Brazil region is characterized by negative correlations during the year (0) and a large magnitude of the correlations in September (0) and October (0). MIROC-H and CNRM show a similar relationship between SAD and the onset of the rainy season over this region (Fig. 6d) .
Over southeastern Brazil, strong negative correlations between SAD and demise are observed from April (1) to September (1). Although CNRM is the only model that simulates the influence of SAD on the demise of the wet season in that region, high correlations are simulated earlier than in the observations (Fig. 6e) . On the other hand, over northeastern Brazil CNRM, MIROC-H and MRI reproduce positive correlations similarly to the observations (Fig. 6f) , with high values from December (0) to July (1).
Over southeastern Brazil correlations between SAD and accumulated precipitation during the wet season are negative and of higher magnitude between January (1) through July (1). Only CNRM and FGOALS show similar patterns, but the period of highest correlation is early in both models (Fig. 6g) . Over northeastern Brazil, high correlation is observed from September (0) to February (1). CNRM, ECHAM5, and MIROC-H reproduce this relationship (Fig. 6h) , while CSIRO and FGOALS simulate an opposite pattern of correlations in comparison with observations. The observed seasonal variation of correlation between SAD and the duration of the rainy season and its accumulated precipitation are very similar for both southeastern and northeastern Brazil (Fig. 6g-j) . All models poorly represent the magnitude and phase of these relationships (Fig. 6j) .
In summary, WCRP-CMIP3 models simulate the relationship between SAD and the characteristics of the rainy season over northeastern Brazil better than they simulate these relationships over western and southeastern Brazil. One possible reason is that differences in the characteristics of the rainy season over northeastern Brazil are strongly influenced by the position of the ITCZ, which is strongly influenced by external variability (Taschetto and Wainer 2008a, b) and might be better represented by the WCRP-CMIP3. On the other hand, circulation and precipitation variability over western and southeastern Brazil depends on both local and remote forcing (e.g. Marengo et al. 2003; Vera et al. 2006 ) that may not be properly represented by the WCRP-CMIP3 models investigated here. Fig. 6 a Selected regions. Observed and simulated lag rank correlation between monthly SAD index and b onset over western Brazil; c onset over southeastern Brazil; d onset over northeastern Brazil; e demise over southeastern Brazil; f demise over northeastern Brazil; g accumulated precipitation over southeastern Brazil; h accumulated precipitation over northeastern Brazil; i duration over southeastern Brazil; j duration over northeastern Brazil. Symbol (0) refers to the months of the year of onset of the wet season and symbol (1) refers to the months of the year of its demise 5 ENSO and SAD relationships Saravanan and Chang (2000) performed a numerical study of the influence of the Pacific Ocean on the tropical Atlantic Ocean variability and found that ENSO has a significant influence on tropical Atlantic variability. El Niño events are associated with an anomalous Walker circulation, which creates a zonal seesaw pattern in surface pressure. The large-scale subsidence associated with this anomalous Walker circulation explains the negative precipitation anomalies over north-northeastern Brazil and warming of the tropical North Atlantic Ocean.
To verify possible relationships between ENSO and SAD the former was characterized by performing EOF analysis of SST over the tropical Pacific [30°S-30°N; 140°E-90°W]. EOF analyses have commonly been used to characterize ENSO phenomena (e.g. Zhou and Lau 2001) . The first mode of variability shows spatial patterns consistent with Weare et al. (1976) and Rasmusson and Carpenter (1982) and time variability similar to Kestin et al. (1998) and Sperber (2002, 2006) (not shown).
The associations between ENSO and SAD were examined by performing cross-correlation analysis (CCA) of the two time coefficients. CCA was calculated for both NCEP-DOE and WCRP-CMIP3 datasets (Fig. 7) . Statistically significant negative correlations between ENSO and SAD are observed for NCEP-DOE only when SAD leads ENSO by 5-12 months. No statistically significant correlations were found for ENSO simultaneous to SAD and for ENSO leading SAD. This result suggests that the relationships observed between SAD and the variability of characteristics of the wet season over tropical South America is independent of ENSO phenomenon. Similar relationships are observed for CNRM, FGOALS, and MIROC-H. Nevertheless, CNRM, ECHAM5, FGOALS, and GFDL2.1 also show high positive correlations when ENSO leads SAD for lags varying between -12 months and ?3 months, suggesting that ENSO may be related to SAD variability in these models. ECHAM5 is the model that shows the highest positive correlation (0.65) for lag equal -3 months (Fig. 7) .
Summary and conclusions
The present study showed an observational analysis of the influence the South Atlantic Ocean SST on the variability of SAMS characteristics, such as onset and demise dates, accumulated precipitation, and duration. In addition, we examined the ability of ten WCRP-CMIP3 models in reproducing the principal mode of variability of the South Atlantic Ocean and respective relationships with SAMS. In this work every model was examined individually.
It is shown that SAD phases are associated with variations of the rainy season over western and southeastern Brazil. On interannual timescales, positive (negative) SST anomalies over the tropical South Atlantic are associated with late (early) onsets of the wet season over western and southeastern Brazil and early (late) demise, decreased (increased) accumulated precipitation, and short (long) duration of the rainy season over southeastern Brazil. Over northeastern Brazil, positive (negative) SST anomalies over the tropical South Atlantic advance (delay) the onset, delay (advance) the demise, and increase (decrease) the duration and accumulated precipitation during the rainy season. More importantly, we show that the variability of SAD is independent of ENSO phenomenon. These results emphasize the importance of the skill of coupled global models in simulating SAD variability to assess future scenarios of climate change over tropical and subtropical South America.
In general, all models examined in this work can simulate the spatial patterns and temporal variability of SAD. GFDL2.0 and MIROC-M are the models that best represent SAD spatial pattern and frequency and FGOALS does not properly simulate SAD spatial pattern. There is no consistency among simulations of the relationship between SAD and the characteristics of the rainy season over both western and southeastern Brazil.
According to Bombardi and Carvalho (2009) MIROC-H and MRI were considered models with good skill in representing the median characteristics and variability of SAMS. Here we show that the models that best represent SAD spatial and temporal variability are GFDL2.0 and MIROC-M. It is expected that the skill of each model will vary for different measures and the multimodel ensemble average is frequently considered the best option (Pierce et al. 2009 ). However, for dynamical downscaling purposes, in which inputs are required from time to time, the multimodel ensemble is not always the usual procedure. Moreover, a detailed examination of the skills of the WCRP-CMIP3 dataset can provide important insights on the strengths and weaknesses of a particular model and is valuable for researchers and modeling centers.
